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INTERACTION OF LIGHT AND SOUND 

I. L. Fabelinskiy 

ABSTRACT. Gas l a s e r s  a r e  used t o  measure t h e  ve loc i ty  and 
absorption of long i tud ina l  hypersonic waves. It is  concluded that 
e x c i t a t i o n  of hypersound by thermal s t r e s s e s  produced by absorp- 
t i o n  of s h o r t  l i g h t  impulses holds g r e a t  promise f o r  t h e  study 
of hyperacoustic  p roper t i e s  of a s o l i d  body a t  room temperature. 

The a r e a  of physics which s t u d i e s  t h e  i n t e r a c t i o n  of l i g h t  and s o w $  i s  - 1874* 

developing very rapidly  a t  t h e  present  t i m e ,  when l a s e r  l i g h t  sources are u s e d  

i n  labora tory  s tud ies .  S c i e n t i f i c  research i n  t h i s  a rea  was i n i t i a t e d  by 

A. Eins te in ,  L. I. Mandelqshtam and P. Debye. I n  1910 Eins te in  [ I ]  calculated 

t h e  i n t e n s i t y  of l i g h t  s c a t t e r e d  by densi ty  f luc tua t ions ,  and ~ a n d e l ' s s h t m  

[2]  es tab l i shed  the  i n t e n s i t y  of l i g h t  s c a t t e r e d  due t o  a f luc tua t ing  nonuni- 

formity of t h e  su r face  of a substance. For t h e  ca lcu la t ions  they both analyzed 

t h e  f l u c t u a t i o n s  i n  a three-dimensional Fourier  series, and found t he  intensity 

from amplitude expansion. 

I n  1912, completing the  E ins te in  theory of hea t  capacity of a solid body, 

Debye 131 advanced t h e  idea  t h a t  t h e  thermal, k i n e t i c  energy of a s o l i d  body 

may be regarded a s  t h e  energy of normal. o s c i l l a t i o n s  (waves) of t h i s  body, 

From a d i s t ance  of 60 years ,  i t  can be seen t h a t  E ins te in  [ I ]  and Maadel'- 

shtam [2]  d id  not  d iscuss  t h e  problems of heat  capaci ty ,  j u s t  a s  Debye [ 3 ]  d i d  

not  d e a l  wi th  problems of l i g h t  s c a t t e r i n g .  This now seems almost unbelievable, 

but  a t  t h a t  t i m e  t h i s  r e la t ionsh ip  was not  understood, and more than s i x  years 

passed before  Mandelvshtam [41 and B r i l l o u i n  151 reached the  conclusion 

(independently from each other)  t h a t  t h e  E ins te in  and ~ a n d e l ' s h t a m  Fourier  
2 

components and Debye waves were t h e  same, From t h i s  new po in t  of view, light 

s c a t t e r e d  by a d i a b a t i c  dens i ty  f l u c t u a t i o n s  must be regarded a s  d i f f r a c t i o n  of 



excited l i g h t  by Debye thermal waves. The sca t t e red  l i g h t  i s  simulated by 

e l a s t i c  waves, which l eads  t o  a change i n  i t s  s p e c t r a l  composition, 

I f ,  from t h e  enormous number of Debye waves, w e  s e l e c t  one, of the 

frequency with t h e  wave vector  q ,  on which a p a r a l l e l  bundle of l i g h t  falls 

with the  wave vector  k and i f  t h e  sca t t e red  l i g h t  has t h e  wave vector  k "  0 ' 
and i s  observed a t  t h e  angle 8,  then i n  the  d i r e c t i o n  kg the re  w i l l  be  a 

maximum of s c a t t e r e d  (d i f f rac ted)  l i g h t ,  i f  t h e  following Bragg condit ion i s  

s a t i s f i e d  

A s  a r e s u l t  of t h e  modulation of t h e  s c a t t e r e d  l i g h t  of t h e  Debye wave 

frequency Q, d i s c r e t e  components s f  t h e  Mandelqshtam-Brillouin (KMB) w i l l  be 

observed 

92 Av v 8 -=-= f 2n-s in- .  
We v @ 2 

(2) 

Measuring Av and knowing a l l  the  remaining q u a n t i t i e s  i n  (2), w e  m y  
(1) f i n d  t h e  speed of hypersound v of t h e  frequency Ci 

The phenomenon of a t h i n  s t r u c t u r e  was discovered by MandelPshtarn, 

Landsberg and Gross i n  1930. Two years  l a t e r  kucas and Biquard [ 6 ]  and Debye 

and Sears [7 ]  observed t h e  d i f f r a c t i o n  of a l i g h t  wave by an u l t r a v i o l e t  wave, 

I n  terms of i ts  nature ,  t h i s  phenomenon was i d e n t i c a l  t o  l i g h t  d i f f r a c t i o n  by 

a Debye wave. There was only a d i f fe rence  i n  t h e  s i g n i f i c a n t  amplitude of the  

u l t r a s o n i c  wave. The f e a t u r e s  of l i g h t  d i f f r a c t i o n  by,ul trasound have been 

s tudied i n  d e t a i l  (see,  f o r  example, [8]). This form s f  t h e  i n t e r a c t i o n  be- 

tween l i g h t  and sound has been included i n  acous t i c  and o p t i c a l  s t u d i e s ,  and 

w i l l  now apparently play a very important r o l e  i n  t h e  s tudy sf the  sonic  

n = 1.5; 8 P 180'; A = 6 - 1 0 - ~  e m  and v = 1.5-1.0~ C m e s e e - l S  $2 2.10 10 
-1 radesec 



i n s t a b i l i t y  i n  semiconductor-piezoelectrics. 

The use of l a s e r  l i g h t  sources has revealed new phenomena i n  the  interaction 

between l i g h t  and sound, l i k e  the f i n e  s t r u c t u r e  of t h e  wing of t h e  Ray%ei.gh 

l i n e  (TSK), t h e  fo rce  s c a t t e r i n g  of Mandel'shtam-Brillouin [ l 2 ,  133 W B .  Due 

t o  powerful l a s e r  rays  of l i g h t ,  i t  has been poss ib le  t o  transform thie l i g h t  

energy i n t o  sonic  energy i n  the  u l t r a s o n i c  frequency range i n  l i q u i d  [ I41  

and c r y s t a l l i n e  media [15]. 

Measurements of t h e  Velocity and Absorption 

of L o n ~ i t u d i n a l  Hypersonic Waves 

The use of gas l a s e r s  has made i t  poss ib le  t o  use the  pos i t ion  sf the 

KMB [Formula ( Z ) ]  t o  measure the  speed of hypersound wi th in  an  accuracy of 

f r a c t i o n s  of a percent,  and t h e  use  the  width of t h e  components t o  f ind  the 

hypersound absorption c o e f f i c i e n t  wi th in  an accuracy of ' severa l  percents ,  

A f t e r  t h e  f i r s t  such study with a l a s e r  source [16], the re  was an entire 

group of s t u d i e s ,  which i s  s t i l l  constant ly  increasing.  Cer ta in  pretriesus 

measurements on t h e  speed of sound d i spers ion  were re f ined ,  and d a t a  were 

obtained f o r  o the r  substances. 

The simultaneous determination of the  v e l o c i t y  and absorption of hyper- 

sound made i t  poss ib le  t o  d i r e c t l y  check experimentally t h e  formula of the 

re laxa t ion  theory. It was found t h a t  i t  completely corresponds t o  experience 

f o r  severa l  cases. ~ b r  the  example shown i n  Figure 1, t h e  corresponding curve 

was found, which w a s  obtained from low frequency and hypersonic measurements, 

and do t s  were placed i n  the  i n t e r v a l ,  obtained pr imar i ly  by Berdyyev, Lezhev 

and o t h e r s  [17]. The formulas wi th  one T do not  i n  every case  c lose ly  

descr ibe  t h e  behavior of t h i s  dependence. I n  t h e  case  of viscous liiq,uids, 

t h e  r e l a x a t i o n  theory is  genera l ly  inappl icable  1181. 

The propagation of sound i n  viscous media is described by a non-local 

theory, developed by Isakovich a d  Chaban [19], A whole group of such problem 



is of g rea t  i n t e r e s t ,  b u t  w e  

cannot d iscuss  them i n  detail, 

and, by way of a n  example, 

s h a l l  only give one of the 

many curves f o r  the  dependence 

of t h e  speed of sound on tem- 

pera tu re  i n  t r i a c e t i n  (Figure 

2) . This f i e l d  of research 

continues t o  develop success- 

f u l l y ,  and has now been ex- 

frequency f i n  benzene. The s o l i d  curve 
i s  based on the  formula of t h e  relax- and from v i s c o s i t i e s  from 

a t i o n  theory, based on the  low frequency f r a c t i o n s  of a power t o  the 
point  (1) and the  high frequency point  
(2) found from the f i n e  s t r u c t u r e  of t h e  v i s c o s i t y  of a v i t r e o u s  state, 

Rayleigh l i n e  during e x c i t a t i o n  wi th  a 
l a s e r .  Point  (3) was obtained during 
the  e x c i t a t i o n  of t h e  mercury spectrum Propagation of 

l i n e .  The o t h e r  po in t s  a r e  experimental Transverse 
points  obtained by d i f f e r e n t  authors 
from ultrasound measurements. Hypersonic Waves- 

I n  addi t ion  t o  polar ized 

l i g h t  of a Rayleigh t r i p l e t , i n  t h e  spectrum s f  sca t t e red  l i g h t  t h e r e  is  light 

which is  depolarized,  caused by anisotropy f l u c t u a t i o n s  - ehe'wing of the 

Rayleigh l i n e .  I n  c e r t a i n  l i q u i d s ,  such a narrow, c e n t r a l  p a r t  of t h e  wing 

wing only by using in te r fe rence  spectroscopy [12]. 

The new phenomenon which we have discovered [9]  c o n s i s t s  of the  fac t  

t h a t  t h i s  narrow p a r t  s f  the  wing i n  x-polarizat ion ( I  ) represents  a doub le t ,  
ZX 

and i s  not  a continuous d i s t r i b u t i o n  of i n t e n s i t y ,  a s  was previously assumed, 

We have explained t h i s  phenomen by the  face  t h a t  Bight, sca t t e red  due t o  

an i s t ropy  f luc tua t ions ,  is modulated by t h e  Fourier component of t h e  defoma- 

t i o n  f luc tua t ions ,  corresponding t o  t h e  Bragg condit ion o r ,  i n  o t h e r  words, 





Here w is the  frequency computed from the  frequency of t h e  excited l i g h t  wo; 

v and v - phase v e l o c i t i e s  of t ransverse  and long i tud ina l  waves; 6 - seat- 
S T 

t e r i n g  angle; - displacement modulus. The remaining no ta t ion  is  the 

customary no ta t ion  [12]. 

The Leontovich theory [20] assumes, f o r  purposes of s impl ic i ty ,  that the 

re laxa t ion  of a shear v i s c o s i t y  T is the  same a s  the  re laxa t ion  time of 

anisotropy,  although genera l ly  speaking, these  t i m e s  a r e  d i f f e r e n t -  as was 

apparent from t h e  very beginning t o  the  author of the  theory. It would then 

(almost 30 years  l a t e r )  be important t o  f i n d  t h e  general  r u l e s ,  and s lm%f fy  

the  theory. Now, when we have discovered very exact  phenomena i n  the- 

s c a t t e r i n g  spectrum, i t  is necessary t o  c a l l  a t t e n t i o n  t o  the  d i f fe rence  i n  

t h e  times. 
b 

Analyzing (3), w e  can s e e  t h a t  t h e  f i r s t  t e r m  i n  the  formula indicates 

two maxima a t  a frequency of w + Q and t h e  second t e r m -  a maximum a t  the 
T9 

frequency w = 0. A l l  t h r e e  maxima have the  same i n t e n s i t y .  I n  severa l  

l i q u i d s ,  such a s  nitrobenzene, quinol ine ,  anol ine ,  s a l o l ,  benzophenon, and 

o t h e r s ,  i n  t h e  narrow p a r t  of t h e  wing a more o r  less c l e a r  p i c t u r e  of the 

doublet  may be observed, wi th  a r a t h e r  small  gap between them. This phenomenon 

was observed i n  the  experiments of Stigman and Stoicheff  [21] and i n  other 

unpublished s tud ies .  I n  our experiments [9, 22, 231 and t h e  experiments 

of [21] i t  was found t h a t ,  i n  agreement wi th  t h e  requirements of Formula 
8 (S), the  l i n e a r  dependence between 52 and - i s  s a t i s f i e d .  I n  addi t ion ,  i n  r 2 

our experiments [ 9 ,  22, 241 i t  was shown t h a t  a po la r i za t ion  r e l a t i o n s h i p  

holds, which was predic ted  by theory (3), i. e., Izx (w) = Iyz (w) . 

I f  t h e  Leontovich theory a c t u a l l y  descr ibes  t h e  observed phenomenon, 16 

may be  expected t h a t ,  wi th  an increase  i n  t h e  l i q u i d  v i s c o s i t y  (temperature 

reduction),  t h e  displacement modulus w i l l  increase ,  and consequently the 

dis tance  between the  doublet  components mast increase.  For a c e r t a i n  v i scos i ty ,  

a c l e a r  t r i p l e t  appears. Since damping of t ransverse  hypersound must decrease 

with an inc rease  i n  v i s c o s i t y ,  KMB must become narrower, and due t o  an increase 



i n  p t h e  d i s t ance  between them w i l l  increase.  Thus, t h e  same po la r i za t ion  

re la t ionsh ips  a r e  re ta ined a s  f o r  s l i g h t l y  viscous l i q u i d s ,  where TSK w a s  

observed. 

Our experiments with g lass  and melted quar tz  [24] a c t u a l l y  showed that 

the  po la r i za t ion  re la t ionsh ips  correspond t o  the  requirement of theory,  and 

the  l i n e s  of t h e  t h i n  s t r u c t u r e  remain narrow. Thus, i t  would appear that 

everything has been explained by t h e  e x i s t i n g  theory. However, t h i s  i s  no t  

t h e  case. The f a c t  is  t h a t ,  when t h e  v i s c o s i t y  increases  by an order  of 

magnitude i n  quinoline,  the  TSK components e i t h e r  do not  change t h e i r  position, 

o r  t h e  d i s t ance  between them i s  even reduced 121, 251. This con t rad ic t s  the 

f a c t s  mentioned above, and makes i t  necessary t o  study the  k i n e t i c s  i n  the 

e n t i r e  i n t e r v a l  i n  which t h e  v i s c o s i t y  changes up t o  a v i t r eous  s t a t e .  This  

research was recen t ly  ca r r i ed  o u t  i n  our labora tory  [25]. The research results 

a r e  given i n  Figure 3 .  

The r e s u l t s  of the  experiment show t h a t  i n  a c t u a l i t y  the  phenomenon i s  

much more complex than has been assumed. A l l  of our d iscuss ions  and formltas 

of t h e  Leontovich theory pertained t o  t h e  l e f t  p a r t  of t h e  graph, where the 

events developed j u s t  a s  we assumed. I n  the  r i g h t  p a r t  of t h e  graph i t  may 

be seen t h a t  t h e  d i s t ance  between the  doublet  components increases  when the 

temperature increases.  This behavior of the curve i s  not  given i n  the 

Leontovich theory [20]. It was explained t h a t  i n  gener,al the  TSK cannot be  

predic ted  from any one of t h e  e x i s t i n g  theor ies .  This phenomenon w i l l  r e q u i r e  

i t s  own explanation iy a new theory. We w e r e  a b l e  to provide a q u a l i t a t i v e  

explanation by introducing new anis t ropy re laxa t ion  t i m e s  1251. To explain 

these  TSK,Volterra 1261, Solovvyev and Romanov [27] expanded t h e  Leontsvich 

theory t o  the  case of two anis t ropy re laxa t ion  t i m e s  and provided a qualitative 

explanation f o r  t h e  TSK ( r i g h t  branch i n  Figure 3 ) .  I n  the  Rytov theory :281 

a scheme wi th  two anis t ropy re laxa t ion  t i m e s  is  composed, and formulas are 

obtained which descr ibe  q u a l i t a t i v e l y  t h e  e n t i r e  phenomenon (both branches 

i n  Figure 3 ) .  To provide a q u a n t i t a t i v e  d e s c r i p t i o n  of  t h e  experiment results, 

along wi th  t h e  r e l a x a t i o n  theory a non-local theory should a l s o  be  used fo r  



t h e  case when the  medium 

v i s c o s i t y  is large .  

Forced Scattering& 

Mandel'shtam-Brillouin 

The p a r t i c u l a r l y  s t rong 

i n t e r a c t i o n  between light and 

O/ +y sound occurs i n  the  force5 

1 I I I I I s c a t t e r i n g  process of - 70 -30 IC 50 90 I30 
T,OC Mandel 'shtam BrilPouin (m-m) . 

This phenomenon cons i s t s  of 
Figure 3. Dependence of t h e  d i s t ance  between the fact t h a t  the interaction 

t h e  components of a  "transverse" doublet 
~ A v  on t h e  temperature i n  s a l o l .  between t h e  exc i t ing  l i g h t  wave 

max 
and t h e  Debye thermal wave 

by means of e l e c t r o s t r i c t i o n  i n t e n s i f i e s  t h e  Debye wave'so g r e a t l y  rlhat i ts  

i n t e n s i t y  may amount t o  megawatts. 

I f  an e l e c t r i c  f i e l d  whose r e s u l t i n g  i n t e n s i t y  i s  E a c t s  on t h e  i so t rop i c  

body, then t h e  s t r i c t i o n  pressure  caused by t h i s  field 1121 

E = Eo.cos[oot - (kr) ] + El cos [(oo - Q ) t  - (klr) 1 + 
+ Ez@os [(a0 + Q) t  - ( k , ~ ) ] ,  

Q 81 

It may be seen from t h i s  t h a t  the  nonzero pressure  o r  t h e  sound wave w i l l  

be 

This means t h a t  t h e  Debye wave, which produced t h e  Mande19shtanrBrilh~uin 

component during s c a t t e r i n g  a t  the? given angle 8 ,  when the  Bragg condit ion 



k g - k l = & q  i s  s a t i s f i e d , w i l l b e i n t e n s i f i e d b y a  f a c t o r  of E Th i s  i s  
0" 

the  mechanism by which sound i s  i n t e n s i f i e d  due t o  the  energy of a  l i g h t  wave 
f 

i n  the  process of nonlinear in te rac t ion .  A more complete examination. sf the 

problem requ i res  t h e  concurrent so lu t ion  of a  system of nonlinear Maxwell 

equations and hydrodynamic equations, i f  a  l i q u i d  is  being discussed,  and 

equations of e l a s t i c i t y  theory, i f  a  s o l i d  body is being discussed [12, 231. 

It may be  seen from an ana lys i s  of t h e  so lu t ions  t h a t  i n  t h e  s t a t b s m r y  

case of VRMB, j..e., when t h e  dura t ion of the  exc i t ing  impulse t is much greater 

than t h e  l i f e t i m e  of a  phonon T ( t  >> T ) and Im << I 
P P 0 ' 

(under t h e  condit ion << 2u), where a is t h e  amplitude absorption coefficient 

of sound and - VRMB ampl i f ica t ion fac to r .  I n  t h e  nonstat ionary regime, 

w e  have 

(under the  condit ions v t  << L, L - l eng th  of t h e  nonlinear i n t e r a c t i o n ) .  'In 

t h e  i d e a l  case, when the re  a r e  no l o s s e s  and each photon produces one phonon, 

the  maximum i n t e n s i t y  of sound i s  determined by t h e  Menli-Roy r e l a t i s ~ n s h i p  

It is p r a c t i c a l l y  impossible t o  approach t h i s  l i m i t ,  because a t  l a r g e  

i n t e n s i t i e s  the  sound becomes nonlinear,  and l o s s e s  inc rease  as a resrsPt of 

t h e  transformation of sound wi th  b a s i c  frequency i n t o  harmonicso The nonlinear 

nature  of hypersound i n  a quar tz  c r y s t a l  a t  a frequency of 2.6*10" Hz i s  
2 -2 apparent a t  i n t e n s i t i e s  s f  3-10 W-cm [29], I n  experiments wi th  nonocrystal.- 

3 l i n e  quar tz  i n  our labora tory ,  the  s t r eng th  of hypersound reached 3-10 W, - 2 and the  i n t e n s i t y  reached MW*cm [30], The occurrence of t h e  second hy&cer- 

sound harmonic f o r  VRMB i n  water was observed experimentally [31]. In our 



experiments with c r y s t a l l i n e  quar tz  a t  a  temperature of 80' K in tense  longi- 

tud ina l  and t ransverse  hypersonic waves were observed by the  appearance o f  

t h e  VRMB. 

We must point  o u t  t h a t  t h e  VRMB represents  a  generator  of in tense  hyper- 

son ic  and u l t r a s o n i c  waves, whose nonlinear p roper t i e s  must be s tudied by 

o p t i c a l  and acous t i c  methods. . T h i s  region has s t i l l  not  been completely - - - -  . - - 

s tudied.  

Generation of a  Sonic Wave during t h e  Nonlinear 

I n t e r a c t i o n  of Two Light Waves having Differnet  Frequencies 

I n  forced s c a t t e r i n g ,  the  nonlinear i n t e r a c t i o n  of two l i g h t  waves of 

d i f f e r i n g  frequency and a  Debye wave l eads  t o  ampl i f ica t ion of t h e  thermal 

wave e x i s t i n g  i n  t h e  medium. The experiments of Korpel [ l 4 ]  and Coddas 

[ l 5 ]  es tabl ished the  displacement of two l i g h t  waves, whose frequency differs 

by t h e  quan t i ty  Q,  and found a  sonic  wave of the  frequency Q i n  the  medium, 

I n  these  s t u d i e s  they had t o  d i f f r a c t  t h e  in tense  l i g h t  wave, which was 

radia ted  by a  l a s e r  with modulated qua l i ty ,  by ul t rasond i n  water El41 and 

i n  a  c r y s t a l  [15]. A s  a  r e s u l t ,  the  l i g h t  which passed d i r e c t l y  (zero m a x i m m )  

had t h e  frequency of the  i n i t i a l  Bight o and t h e  l i g h t  which was d i f f rac ted  0 
a t  t h e  Bragg angle, had a frequency of o - Q, where Q is t h e  frequency of 

(3 

t h e  son ic  wave. 

When both rays  o r  one of them, had g r e a t  i n t e n s i t y  and, consequeat%y, a 

s t rong e l e c t r i c  f i e l d ,  then j u s t  a s  i n  t h e  case  of VRMB e l e c t r o s t r i c t i o n  arose.  

According t o  Formula (9) (where w e  set E = 0) we obtained t h e  s t r i c t i o n  2 
pressure  which is equal to 

Here Q is t h e  l i g h t  frequency d i f fe rence  wo and w and q equals the dlifferenee 1 
of t h e  wave vectors  k and kl. 

0 



I f  the  l i g h t  rays a r e  encountered a t  an angle equal t o  twice the  Bragg 

angle i n  the  medium, and the  phase ve loc i ty  of t h e  s t r i c t i o n  wave with a 

pressure  v = R I q  equals  the  phase v e l o c i t y  of sound i n  t h i s  medium v, then 
f r 

a s  a r e s u l t  of the  i n t e r a c t i o n  of these  l i g h t  waves a sonic  wave develops, 

The f r o n t  of t h i s  wave w i l l  be  t h e  b i s e c t o r  of t h e  angle a t  which the  Light  

waves i n t e r s e c t .  

Sonic waves of t h e  frequency 45 and 57 mHz w e r e  de tec ted  i n  water [ I41  

and with a frequency of 720 mHz i n  c r y s t a l s  of SrTiO) and quar tz  [151. The 

i n t e n s i t y  of t h e  sound thus produced is determined by the  following relation- 

s h i p  [I51 

where L is t h e  i n t e r a c t i o n  length;  I I1 - i n t e n s i t y  of t h e  interae: t ing 
0' 

bundles of l i g h t ;  F - c o e f f i c i e n t  equal  to t h e  following [I51 

Here pijy Cij a r e  the  e l a s t i c - o p t i c a l  and e l a s t i c  e ~ n s t a n t s ,  respectiveBy* 

Due t o  t h e  small  Bragg angle,  t h e  i n t e r a c t i o n  region p r a c t i c a l l y  equals 

the  width of the  l i g h t  bundle L v  a t  high frequencies. When using s h o r t  Light 

impulses, t h e  sound cannot i n t e r s e c t  the  e n t i r e  width of the  bundle of swnd, 

and the  region of i n t e r a c t i o n  w i l l  equal v t v ,  where t f  is t h e  duration. of 

the  l i g h t  impulse. I f  v t  ' < L ', then Expression (10) must be decreased by 
2 

(v t ' /Lg)  . I n  these  c r y s t a l l i n e  samples, t h e  i n t e n s i t y  of a s m i c  wave 
-2 

was % 50 dBwmm * 

It i s  poss ib le  t o  change t h e  frequency of t h e  l i g h t  waves not  only by 

l i g h t  d i f f r a c t i o n  by ul trasound,  bu t  a l s o  by any o the r  method - for example, 
using t h e  VRMB, the  forced entropy (temperature) s c a t t e r i n g  of l i g h t ,  the 

modulation of l i g h t  by Kerr a d  Bokels elements, o r  simply producing double 



mode generat ion of a  l a s e r ,  e t c .  Depending on the  frequency d i f fe rence  of  

l i g h t  waves i n  s o l i d  bodies, s u f f i c i e n t l y  in tense  sound waves may be  produced 

i n  a gigacycle frequency range. 

Transformation of Linht Impulses i n t o  Sonic Impulses 

Almost immediately a f t e r  s o l i d  body l a s e r s  were crdated,  i t  was found 

t h a t  absorpt ion i n  a l i q u i d  and s o l i d  body of powerful l i g h t  impulses Beads t o  

t h e  formation of a  sonic  impulse. White [32] made the  most de ta i l ed  theoretical 

study of the  problem of e x c i t a t i o n  and transformation of l i g h t  impulses into 

sonic  impulses. He a l s o  s tudied t h e  problem of t h e  per iodic  i n t e r a c t i o n  o f  

l i g h t  impulses and the e x c i t a t i o n  of a  sonic  wave. H e  showed t h a t  the trms- 

formation of l a s e r  impulses i n t o  sound holds p a r t i c u l a r l y  g r e a t  promise, 

I n  t h e  per iodic  i n t e r a c t i o n  of Bight on an absorbing surface ,  the  amplitude 

of t h e  sonic  wave w i l l  be propor t ional  t o  the  square of t h e  amplitude of the 

l i g h t  wave, and inverse ly  propor t ional  t o  t h e  sound frequency E321, This 

e x c i t a t i o n  of sound i s  extremely e f f e c t i v e ,  because Its amplitude is  propor- 

t i o n a l  t o  t h e  peak i n t e n s i t y  of a l i g h t  impulse. 

During t h e  absorption of a  l i g h t  impulse i n  a t h i n  l a y e r  of a s o l i d  body 

(metals and semi-conductors, which a r e  not  t ransparent  i n  the  region of the 

emitted l i g h t ,  o r  a r e  d i e l e c t r i c s  on whose su r face  a m e t a l l i c  l a y e r  i s  applied) 

enormous temperature gradients  a r i s e ,  and the  temperature changes very rapidly, 

Ready [33] calcula ted  t h a t  the  nonstat ionary absorption of an impulse from a 

ruby l a s e r  wi th  an i n t e n s i t y  of 1 7  ~ w - c r n - ~  and a dura t ion  of 25 n s  produces a 
6 -1 temperature gradient  of 10 degree-cm and a temperature change a t  the 

r a t e  of lo1' degree*sec-l.  This absorption e f f e c t  produces a b l a s t  wave. If 

the  l i g h t  impulses follow each o t h e r  wi th  a s p e c i f i c  frequency, then a pe r iod ic  

b l a s t  wave and i t s  harmonics w i l l  be  observed. 

Brienza and DeNaria 1341 exci ted  u l t r a v i o l e t  sound impulses and .cqaves 

using a l a s e r  on a neodymium g l a s s  wi th  modukated q u a l i t y  and wi th  synchronized 



exc i t ed  i n  l i th ium niobate,  quar tz ,  and sapphire,  and recorded a t  roam 

temperature. This g rea t  achievement w i l l  no doubt be  developed and extended 

t o  the  e x c i t a t i o n  of a higher frequency hypersound. 

It can be  seen t h a t  the  e x c i t a t i o n  of hypersound by thermal stresses 

produced by t h e  absorption of s h o r t  l i g h t  impulses hold$ g r e a t  promise for 

the  s tudy of hyperacoust ic  p roper t i e s  of a s o l i d  body a t  room temperature, 

and a l s o  a t  higher and lower temperatures. This method of t h e  o p t i c a l  
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